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Abstract
Background: Our purpose was to determine the relationship between energy intake, energy
availability, dietary fat and lower extremity injury in adult female runners. We hypothesized that
runners who develop overuse running-related injuries have lower energy intakes, lower energy
availability and lower fat intake compared to non-injured runners.
Methods: Eighty-six female subjects, running a minimum of 20 miles/week, completed a food
frequency questionnaire and informed us about injury incidence over the next year.
Results: Injured runners had significantly lower intakes of total fat (63 ± 20 vs. 80 ± 50 g/d) and
percentage of kilocalories from fat (27 ± 5 vs. 30 ± 8 %) compared with non-injured runners. A
logistic regression analysis found that fat intake was the best dietary predictor, correctly identifying
64% of future injuries. Lower energy intake and lower energy availability approached, but did not
reach, a significant association with overuse injury in this study.
Conclusion: Fat intake is likely associated with injury risk in female runners. By documenting these
associations, better strategies can be developed to reduce running injuries in women.
Background
The increased popularity of recreational and competitive
running among females has led to an increased annual
incidence of running-related injuries [1]. These injuries
result from a complex interaction of female physiology
with numerous risk factors that include sudden increases
in training volume or intensity and a history of previous
running injuries [1]. With the exception of calcium intake
and incidence of stress fractures, though, nutrition as a
contributing factor to running injuries has not been well-
studied [2-4].
Although not yet found to be associated with overuse
injury, numerous studies have reported a large negative
energy balance in female runners [5-8], with some contro-
versy as to which factor is most important – overestima-
tion of energy expenditure, underestimation of energy
intake, enhanced metabolic efficiency, or a true chronic
deficiency that results in hormone abnormalities and
altered reproductive function [8]. At least one author [8]
has argued that the phenomenon of chronic energy
deficiency is very real and manifested by a spectrum of
reproductive hormone abnormalities that range from the
less severe ovarian dysfunctions of follicular/luteal
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suppression and anovulation to the more severe amenor-
rhea. This author also states that, while some researchers
consider this phenomenon a metabolic efficiency, it really
is a pathological adaptation to scarce energy supplies that
may interfere with crucial physiological processes, includ-
ing reproduction, tissue maintenance, bone formation,
and immunity [8].
Lending support to the idea that chronic negative energy
balance is linked to altered reproductive function is recent
work showing that an energy availability (defined as die-
tary energy intake minus exercise energy expenditure)
below 30 kilocalories per kilogram of fat-free mass per day
(kcal/kgFFM/d) is associated with menstrual and ovarian
dysfunction due to reduction in pulsatile release of lutei-
nizing hormone from the pituitary [9,10]. Such dysfunc-
tion can lead to decreased levels of serum estrogen, altered
calcium metabolism and bone loss, similar to that seen in
postmenopausal women. An energy availability between
20–30 kcal/kgFFM/d has also been found to impair bone
formation due to a sharp decline in the osteocalcin avail-
able for bone matrix mineralization [11], as well as possi-
ble estrogen-independent mechanisms that include a
disruption, also induced by low energy availability, of
metabolic hormones such as triiodothyronine (T3) and
insulin-like growth factor (IGF)-I. In addition, disordered
or restrictive eating, menstrual irregularities, and inade-
quate calcium intake have been associated with increased
risk of stress fractures in female runners [2,4,12]. How-
ever, no studies to date have examined the effect of energy
availability on other types of overuse running injuries.
In addition to the effect of total energy intake on repro-
ductive health, endurance performance and injury risk, fat
consumption is of particular interest. Previous studies
have shown a relationship between fat intake and amen-
orrhea [7] and endurance [13,14]. In the latter study, run-
ners showed a reduced endurance performance while on
a low fat diet (16%), compared to medium (31%) and
high (44%) fat diets [14]. Interestingly, as fat intake
increased, so did total energy intake [13]. At least 2 previ-
ous studies have found an association between fat intake
and stress fractures. Bennell reported a lower fat diet was
predictive of stress fractures in female track and field ath-
letes, but total energy intake was not [2]. Wiita and Stom-
baugh [15] followed elite adolescent runners for a period
of 3 years and found that both mean energy intake and fat
intake decreased over the follow-up period while stress
fracture incidence increased. Neither of these studies
examined energy availability though, nor other types of
overuse running injuries.
To further elucidate the relationship between energy
intake, energy availability, fat intake and running injuries,
we looked for relationships among diets of female
runners and injury incidence over a one-year period. We
hypothesized that runners who develop overuse running-
related injuries have lower energy intakes, lower energy
availability and lower fat intake compared with non-
injured runners. A secondary aim of the study was to doc-
ument the diets of competitive female runners and com-
pare nutrient intake to the most recent DRI [16-20].
Methods
This study was part of a larger multi-factorial analysis of
risk factors for lower extremity injury in female runners
[21]. Runners were recruited through flyers at local races,
college campuses, and health clubs; advertisements in
local running newsletters and web sites; and by e-mail to
area running clubs. Ninety healthy adult female runners,
aged 18 – 53 and running a minimum of 20 miles/week,
participated. Most subjects were competitive at the local
and regional running levels and a few were national cal-
iber athletes. Those with a current injury to the lower
extremities and/or low back or any who were pregnant
within the past year were excluded. This study received
approval from the University at Buffalo Human Subjects
Review Board and all subjects provided informed, written
consent.
After initial screening, subjects who met inclusion criteria
were mailed the consent form and a questionnaire that
asked about medical, menstrual, and training history, as
well as history of previous running injury. With the excep-
tion of the prospective injury follow-up questionnaires,
all measurements and questionnaires were completed at
the time of study enrolment. These questionnaires
included the Nutritionist 5 Food Frequency Question-
naire (FFQ) (First DataBank, San Bruno, CA/Axxya Sys-
tems, Stafford, TX), which asked them to quantify the
frequency of intake of standardized serving sizes of 114
food items in a one-year period. The Nutritionist 5 FFQ is
based on the "Block 98" FFQ originally developed by
Block et al. [22,23]. Each subject was instructed by a regis-
tered dietician how to correctly complete the question-
naire. In addition, each runner completed the Eating
Attitudes Test (EAT), a 40-item inventory which measures
abnormal attitudes toward food and in which a higher
score predicts the likelihood of disordered eating behav-
iors [24]. Subjects also received 24-hour activity logs and
the Minnesota Leisure Time Physical Activity Question-
naire, which evaluates average daily, weekly or monthly
energy expenditure in leisure time physical activity over a
one-year period [25]. Both the activity log and leisure time
questionnaire were returned with the FFQ and EAT during
a visit to the laboratory, at which time each form was indi-
vidually reviewed with the subject to ensure accuracy and
completeness. During this visit, each subject's height and
weight were recorded and Body Mass Index (BMI) was
calculated as kg/m2. Percent body fat was calculated usingJournal of the International Society of Sports Nutrition 2008, 5:1 http://www.jissn.com/content/5/1/1
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skin folds [26]. Subjects underwent additional assess-
ments for the multi-factorial analysis including measures
of flexibility, VO2max, and pre-and post-fatigue balance
and ground reaction forces [21].
Subjects were contacted every three months for one year
and asked about the frequency, intensity, and duration of
their running; about any changes in their health or men-
strual status; and to describe the occurrence of any run-
ning-related injuries. A "running-related" injury was
defined as any musculoskeletal injury to the low back or
lower extremities of an overuse nature that occurred as a
result of participation in running with one or more of the
following consequences: reduction in the amount or level
of running (including a decrease in the usual distance, fre-
quency, or speed of training runs or races), a need for
medical advice or treatment, or adverse social or eco-
nomic effects (such as the inability to go to work due to
the injury) [27]. All existing medical records were
obtained to confirm injury diagnosis.
The FFQs were analyzed using Nutritionist Pro software
(First DataBank, San Bruno, CA). Estimated energy
expenditure (EEE) was calculated from the 24-hour activ-
ity logs using each subject's age and weight to estimate
resting metabolic rate (RMR) and then multiplying RMR
by weighted activity factors based on the duration and
intensity of the activities reported in the log [28]. Exercise
energy expenditure (XEE) was calculated using reference
formulas and intensity codes from the Minnesota Leisure
Activity Questionnaire [25] and expressed in units of kcal/
kgFFM/d. The Minnesota Leisure Time Physical Activity
Questionnaire has been studied extensively in reliability
and validation studies of a variety of populations [25,28].
Energy balance was calculated as energy intake (from
FFQ) minus EEE (from activity log). Energy availability
was calculated as energy intake minus XEE (from Minne-
sota Leisure) in normalized units of kcal/kgFFM/d.
Descriptive statistics (methods of central tendency and
variation) were computed for subject characteristics, as
well as total energy intake, EEE, XEE, energy balance,
energy availability and intake of the following nutrients:
carbohydrates, fat, protein, vitamins A, B6, B12, C, D, E, K,
magnesium, calcium, iron, zinc, copper, and fiber using
SPSS version 8.0 (Chicago, IL) and NCSS 2000 (Kaysville,
UT). All data sets were examined to ensure they were nor-
mally distributed and once normality was established,
one-way ANOVAs comparing injured and non-injured
runners were run. P values for the variables of energy
intake, energy balance, energy availability, and fat intake
are reported as single-sided since the direction of interest
was motivated by findings of previous studies [2,8,9,11].
P values for the other variables are reported as two-sided.
In addition, one-sample t-tests were used to compare run-
ner mean nutrient values with the DRI value when the
mean runner value was below the DRI.
Dietary variables that approached (p < 0.20) or achieved
significance (p < 0.05) in the univariate analyses were
entered into a forward, stepwise multiple logistic regres-
sion in order to build a multivariate model with a mini-
mal number of predictive variables. Percentage of fat in
the diet was converted into a dichotomous variable for
purposes of computing odds ratios for injury if dietary
fat was below the commonly recommended 30% of
total energy intake. The alpha level was set at 0.05 for all
analyses.
Results
Eighty-six out of the original ninety subjects were
included in the FFQ and injury data analysis. Subject char-
acteristics are listed in Table 1.
Injury Incidence
Forty-seven subjects (55 %) reported a running-related
injury during the one-year follow-up period with the foot/
ankle the most common site (40 % of injuries), followed
Table 1: Subject characteristics for total sample, runners who sustained an injury during follow-up, and non-injured runners.
Total Sample (n = 86) Injured (n = 47) Non-Injured (n = 39)
p value (injured vs. non-
injured)
Age (y) 37 ± 9.2 36 ± 9.7 37 ± 8.8 .752
Height (cm) 164 ± 6.3 165 ± 5.8 163 ± 6.8 .342
Weight (kg) 59 ± 7.1 58 ± 6.4 59 ± 7.9 .485
BMI (kg/m2) 22 ± 2.4 22 ± 2.5 22 ± 2.2 .206
Body Fat (%) 19 ± 5.2 20 ± 5.5 19 ± 4.8 .445
Miles Run per Week 30 ± 9.1 31 ± 10.5 29 ± 7.2 .366
EAT score 15 ± 9.2 15 ± 9.3 15 ± 9.2 .812
XEE (kcal/kgFFM/d) 13 ± 6.2 14 ± 6.9 12 ± 5.1 .301
*EEE (kcal/d) 3127 ± 474 3123 ± 420 3132 ± 541 .942
Values presented as mean ± SD.
* Energy Expenditure values based on a total n = 72 (40 injured and 32 non-injured)Journal of the International Society of Sports Nutrition 2008, 5:1 http://www.jissn.com/content/5/1/1
Page 4 of 8
(page number not for citation purposes)
by the knee (19 %) and the hip (16 %). Stress fractures/
stress reactions, iliotibial band problems, and tendonitis
were the most common injuries. Of the 47 subjects who
reported injuries, 37 (approx 80%) sought medical advice
and it was these records that were obtained. For the other
10 subjects who did not seek medical advice, medical
records did not exist, but each subject was contacted to
ensure that their injury met the definition of a running-
related injury. Of these 10, 8 runners indicated that their
running had been disrupted for 1–3 wks, 1 for less than 1
week, and 1 for 4–8 weeks by the injury. Injured and non-
injured runners did not differ significantly with respect to
age, miles run per week, height, weight, body mass index,
percent body fat, EAT scores, XEE, or EEE (Table 1).
Dietary Intakes
No significant differences were observed between injured
and non-injured runners in the total intakes or percent-
ages of carbohydrate and protein in the diet, nor in the
intake of dietary fiber, magnesium, calcium, iron, zinc,
copper, or vitamins B6, B12, C, or D. (Table 2). One-sided
p-values for daily energy intake (kcal/d), energy balance
(kcal/kgFFM/d), and energy availability (kcal/kgFFM/d)
approached significance (p = 0.07 – 0.08, Table 2) with
values of the injured runners lower than the non-injured
group. Injured runners did, however, consume signifi-
cantly (p < .05) less total fat and obtain a lower percentage
of total calories from fat than non-injured runners and
consumed significantly lower amounts of the fat soluble
vitamins A and K (Table 2).
Table 2: Daily dietary intake of total sample, injured, and non-injured runners.
Total Sample (n 
= 86)
Injured (n = 47) Non-Injured (n 
= 39)
p value (injured 
vs. non-injured)
Goal p value (injured 
vs. DRI)





2120 ± 861 2002 ± 547 2262 ± 1123 .083 2567–2807 <.005**
Energy Intake 
(kcal/kgFFM/d)
45 ± 18.2 43 ± 11.8 47 ± 23.7 .138
Energy Balance 
(kcal/kgFFM/d)




32 ± 17.8 29 ± 13.3 35 ± 21.8 .070
% Protein 16 ± 3.0 16 ± 2.6 16 ± 3.4 .824
% 
Carbohydrates
54 ± 7.2 56 ± 6.5 53 ± 7.8 .111
% Fat 29 ± 6.4 27 ± 5.1 30± 7.6 .021**
Protein (g) 85 ± 38 81 ± 25 90 ± 49 .240 46
Protein(g)/kg/
day
2 ± 0.7 1 ± 0.4 2 ± 0.9 .296
Carbohydrates 
(g)
296 ± 119 288 ± 90 305 ± 147 .507 130
Fat (g) 71 ± 38 63 ± 20 80 ± 50 .016**
Dietary Fiber 
(g)
29 ± 14 28 ± 12 30 ± 16 .560 25
Vitamin A (RE) 2164 ± 1105 1948 ± 869 2424 ± 1300 .046** 700
Vitamin B6 (mg) 3 ± 1.1 3 ± 0.8 3 ± 1.3 .222 1.3
Vitamin B12 
(mg)
8 ± 6.4 7 ± 3.5 9 ± 8.7 .123 2.4
Vitamin C (mg) 195 ± 90 197 ± 91 192 ± 91 .812 75
Vitamin D (mg) 5 ± 4.5 5 ± 3.1 5 ± 5.9 .475 5 .450
Vitamin E (mg) 14 ± 8 13 ± 6 16 ± 10 .065 15 .015**
Vitamin K (mg) 52 ± 31 45 ± 24 60 ± 35 .019** 90 <.005**
Magnesium (mg) 427 ± 178 401 ± 128 458 ± 222 .136 320
Calcium (mg) 1149 ± 661 1111 ± 520 1194 ± 803 .567 1000
Iron (mg) 21 ± 12 20 ± 8 23 ± 15 .134 18
Zinc (mg) 14 ± 7 13 ± 4 15 ± 9 .105 8
Copper (mg) 2 ± 0.7 2 ± 0.6 2 ± 0.8 .095 0.9
Values are presented as mean ± SD.
Goal values are taken from the most recent US DRI for healthy females age 19 – 50.
Estimated energy requirement in kilocalories taken from most recent DRI for very active female, 30 years of age, 1.65 m in height with BMI 
between 18.5 – 24.99 kg/m2.
One-sided p values are indicated in italics.
** One-way ANOVA significant at p < 0.05Journal of the International Society of Sports Nutrition 2008, 5:1 http://www.jissn.com/content/5/1/1
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With few exceptions, average daily dietary intakes were
above the most recent US Dietary Reference Intakes (DRI)
established by the Food and Nutrition Board for healthy
females aged 19 – 50 (Table 2) [16-20]. Deficiencies were
observed for dietary vitamin K for all runners (p < 0.005)
and vitamin E for runners who developed injuries (p <
0.015). Mean daily energy intake was also below the Food
and Nutrition Board recommendation of 2567–2807
kcal/d for very active normal weight women (p < 0.005)
[20]. Mean daily energy intake approximated only two-
thirds of EEE, indicating a negative energy balance.
A logistic regression analysis revealed that daily fat intake
in grams was the single best dietary predictor of injury and
this single dietary variable model was as accurate as any
model combining multiple dietary variables. The model
successfully classified 64% of the subjects in this study as
subsequently injured (1) or not injured (0): 1.356 (SE =
0.61, p = .026) – 0.017 (SE = .008, p = .044)*intake of fat
grams. A computed value above 0.5 would round to 1 and
predict injury and a computed value below 0.5 would
round to 0 and predict no injury. As such, the model cor-
rectly classified 39/47 (83.0%) of injured athletes and 17/
39 (43.6%) of non-injured athletes. Thus, 8/47 injured
athletes (17.0%) were incorrectly classified as not injured
(false negatives) and 22/39 (56.4%) of non-injured ath-
letes were incorrectly predicted to become injured (false
positives).
The percentage of fat in the diet was converted into a
dichotomous variable in order to facilitate the clinical
application of these statistics by those making practical
dietary recommendations to female runners. Thirty per-
cent was chosen as the cut point as it is commonly recom-
mended that 30% of total energy intake come from fat.
The odds ratio for having <30% fat in the diet and suffer-
ing a running injury was 2.5 (95% CI 1.03 – 6.00, p =
0.04). Actual ratio proportions for less than 30% of energy
from fat: 32 injured/18 non-injured (1.78:1) and more
than 30% of energy from fat: 15 injured/21 non-injured
(0.71:1).
Discussion
Over half the runners in this study sustained a running-
related injury in the year following their initial assess-
ment. These injured runners consumed a diet significantly
lower in total fat and lower in percentage of total energy
from fat. This finding agrees with two studies which both
reported correlations between low fat diets and incidence
of stress fracture risk in female runners [2,15]. Fat intake
was the most useful dietary factor in predicting future
injury using a logistic regression, which may be of some
clinical value to sports nutritionists. Further, the odds
ratios revealed that runners consuming less than the com-
monly recommended 30% of total calories from fat were
2.5 times as likely to sustain an injury compared with
runners consuming 30% or more. Interestingly, the high-
est fat intake of the injured group was 35.8% of total
energy. Nine runners in the non-injured group exceeded
this (with values of 36 – 47%) and sports nutritionists
may want to consider ~36% as a conservative minimum
fat intake for avoiding injuries, as long as carbohydrate
and protein needs are also met.
One of the limits of observational studies such as this is
the inability to determine cause-and-effect relationships,
as well as the presence of numerous uncontrolled varia-
bles that may confound the results. And while we
attempted to account for the most important of these fac-
tors, weekly running mileage, certainly other confounding
variables remain. As such, the mean differences in fat
intake between the two groups were admittedly small and,
as demonstrated by the prediction accuracy of the logistic
regression, certainly far from the only cause of running-
related injury. Fat intake may play a more important role
in the development of certain types of injuries (i.e. stress
fractures) or in runners where energy intake is already
heavily compromised. The benefit of the increased fat
intake found in this study may in fact lie with an increase
in ad libitum energy intake similar to that seen in work by
Horvath et al [13] and it was originally hypothesized that
overuse injury would also be associated with lower energy
intakes. The energy intake values approached, but did not
reach, a significant difference between injured and non-
injured runners in this study, possibly due to confounding
variables mentioned above.
Other recent research has focused on the role of restrictive
eating or dietary restraint in female runners, which often
includes restricted fat intake, and at least one study found
an association between increased levels of cognitive die-
tary restraint and stress fractures [29]. However, if lower
fat intakes among runners who developed overuse inju-
ries in this study were indicative of restrictive eating pat-
terns, this was not revealed by the EAT scores, which also
were not significantly different between groups. Low lev-
els of fat consumption have been shown to compromise
energy supplies and contribute to excessive fatigue while
running [14], and while we have observed alterations in
running stride with fatigue, including a decrease in the
impact peak and loading rate of ground reaction forces
[21], this has not been conclusively proven to alter injury
risk.
Another intriguing explanation for the correlation
between fat and injury involves polyunsaturated fatty
acids (PUFA), which are known to play a role in inflam-
mation [30]. Deficient intake of n-3 PUFA could theoreti-
cally contribute to an enhanced inflammatory response
and increase injury severity and, in fact, injured runnersJournal of the International Society of Sports Nutrition 2008, 5:1 http://www.jissn.com/content/5/1/1
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did consume significantly less PUFA (13.3 ± 4.8 g/d vs.
17.2 ± 9.7 g/d, p = 0.016), although the distinction
between n-6 and n-3 was not made. Future research might
be directed toward the role of PUFA more closely, partic-
ularly in light of recent studies showing the clinical effi-
cacy of n-3 PUFA supplementation in decreasing the
inflammatory response in persons with rheumatoid
arthritis, asthma, or acute respiratory distress syndrome,
and after severe trauma [30].
We also observed that energy intake as estimated from the
FFQ was only two-thirds of calculated EEE, despite the fact
that the majority of runners reported a steady weight. Dif-
ferences between energy intake and expenditure have
been reported in other studies [5-8] and may result from
suppression of resting metabolic rate (RMR) due to
chronic undernutrition [31], making EEE calculations
invalid in this population. Using the mean energy intake
and mid-range of the Food & Nutrition Board recommen-
dation [20], it appears the runners in this study poten-
tially had a metabolic suppression factor of 21%, which
approximates the suppression factors in another study
[31]. Because of this potential metabolic suppression,
energy availability may be a more valid measure of nutri-
tional status because it indicates the amount of energy
remaining for other body functions after accounting for
exercise expenditure. As mentioned earlier, when energy
availability falls below 30 kcal/kgFFM/d, the reproductive
system is potentially impaired due to disruption of LH
pulsatility [10]. Low energy availability also limits other
crucial functions in athletes, including the tissue mainte-
nance and repair needed following difficult workouts,
which could lead to injury development. Ihle and Loucks
[11] reported that bone formation is impaired with energy
availability in the range of 20–30 kcal/kgFFM/d due both
to a linear decline in Type I collagen formation, as well as
an abrupt decline in osteocalcin concentration, which
hinders bone matrix mineralization. More severe energy
restriction (energy availability of 10 kcal/kgFF/d) resulted
not only in disruption of bone resorption, but also the
uncoupling of bone resorption from suppressed bone for-
mation, which can lead to irreversible reductions in BMD
and an increased susceptibility to fracture [11].
Interestingly, both groups of runners in this study were
significantly below the energy availability of ~45 kcal/
kgFFM/d (p < .005) recommended for runners and other
endurance athletes [9] and the mean value of the injured
was below the threshold of 30 kcal/kgFFM/d discussed in
the preceding paragraph. Our hypothesis of a difference in
energy availability was not supported, however, as the dif-
ference in energy availability between the injured and
non-injured runners approached, but did not achieve sig-
nificance (injured 29.4 ± 13.3 vs. uninjured 35.1 ± 21.8
kcal/kgFFM/d, one-sided p = 0.07). The variability in the
non-injured group was larger than anticipated, however,
and this resulted in a loss of statistical power that makes it
impossible to rule out energy availability as a contributing
factor to overuse injuries. Thus, future observational stud-
ies may want to examine energy availability and overuse
injury with a larger sample size or focus on a more specific
group of runners or type of injury. It is possible that
energy intake and availability play a greater role in injury
development in certain sub-groups of runners (younger
runners, for example, who must have enough energy to
support growth or in high mileage runners who must sup-
port additional tissue repair) or in certain types of injuries
(i.e. stress fractures). For example, the 6 runners in this
study who developed stress fractures had an energy avail-
ability of 23.7 ± 5.3 kcal/kgFFM/d, significantly below the
30 kcal/kgFFM/d (p = .034) threshold cited above, which
suggests that the possible mechanisms of impaired bone
formation may have contributed to these injuries. A lon-
gitudinal experiment, in which energy availabilities were
tightly controlled for a lengthy period, would be necessary
in order to determine the exact cause-and-effect relation-
ship between energy availability and stress fractures or any
other type of injury, although ethical constraints might
limit the feasibility of such a study.
In addition to the differences noted in fat intake, differ-
ences in intakes of three other fat-soluble vitamins (K, E,
and A) were also noted. Injured runners had significantly
lower intakes of vitamin K. Vitamin K is crucial for both
blood clotting and as a key co-enzyme in the carboxyla-
tion of osteocalcin. The latter is necessary in order for oste-
ocalcin to bind calcium and bone mineralization to occur.
While deficiencies of vitamin K based on coagulation sys-
tem function might be rare, the new DRI suggests that the
vitamin K intake required for healthy bones may be as
high as 90 micrograms/d [19] to ensure adequate carbox-
ylation of osteocalcin. The injured runners in this study
had significantly lower intakes of vitamin K than non-
injured runners and both were significantly below 90
micrograms/d (Table 2). Low vitamin K intakes have been
associated with both decreased bone mineral density and
increased fractures in the elderly [32] and while it is pos-
sible that Vitamin K deficiency played a role in the injury
development of some runners, it was not a useful predic-
tor of future injury.
Mean values for vitamin E intake in injured runners were
significantly below the DRI. Vitamin E functions as an
anti-oxidant and it remains unclear whether strenuous
exercise increases the need for antioxidants in the diet
[33], whether deficits in vitamin E affect performance, and
if vitamin E supplementation reduces exercise-induced
muscle damage [33]. Intake of another anti-oxidant,
vitamin A, was significantly less in the injured group,
but because the mean intake of both groups was nearlyJournal of the International Society of Sports Nutrition 2008, 5:1 http://www.jissn.com/content/5/1/1
Page 7 of 8
(page number not for citation purposes)
three times the DRI and vitamin A did not play a role in
the predictive model, intake of this nutrient did not
appear to play a role in running injury in these subjects.
In addition to the limitations of observational studies dis-
cussed earlier, subjects in this study were followed for
only 1 year, which may not be a long enough time period
to see the full effects of nutrition on injury development.
The instrument used to measure nutrient intake, the FFQ,
is not without limitations of its own and given the body-
conscious mind-set prevalent in the sport of running and
in our society, some runners may have underreported or
otherwise attempted to alter the intake values. The FFQ
does not assess supplement usage, and while general
usage of supplements was not correlated with injury,
actual intake of micronutrients might have been higher
than reported in Table 2. The FFQ was selected over the
more detailed three-and seven-day food records both for
the ease of completion by the athletes and because the
FFQ would be more reflective of subject intake over a
longer period of time and less open to subject manipula-
tion. However, future studies may want to follow a larger
number of subjects for a longer period and include 3- or
7-day food records, as well as measurements of potential
RMR suppression and biological measures of menstrual
function.
Conclusion
A lower daily fat intake and lower percentage of total
energy from fat were associated with increased injury risk
among competitive female runners. Lower energy intake
and lower energy availability approached, but did not
reach, a significant association with overuse injury in this
study. By documenting these risk factors, it is hoped that
future research will continue to investigate their role in
injury development, thus leading to better strategies to
predict and reduce running injuries in women.
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